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FOREWORD 


In  Addition  the  Authors  of  this  report,  other  members  of  the 
User  Study  Group  are  James  T.  Hall,  Richard  Hall,  James  Veilleux, 
and  Ted  l .  Barber* 


ABSTRACT 


Potential  atmospheric  effects  on  the  propagation  of  electro¬ 
magnetic  radiation  at  1.S4  micron  wavelength  are  examined.  The 
results  of  transmission  measurements  by  various  investigators,  as 
reported  in  the  literature,  coupled  with  theoretical  calculations 
are  applied  to  estivate  the  transmission  characteristics  for  erbium 
ion  (Hr4**)  laser  radiation  in  this  region.  The  output  of  the  Er+++ 
laser  at  l.S4p  is  discussed  in  some  detail.  Predominant  attenuation 
mechanisms  are  found  to  be  aerosol  absorption  and  aerosol  scattering. 
Contributions  from  five  investigations  of  atmospheric  transmission 
in  this  region  are  summarized.  Nonlinear  effects  are  not  considered. 
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INTRODUCTION 


A  study  of  the  atmospheric  propagation  characteristics  of  1.54 
micron  wavelength  laser  energy  has  been  undertaken.  To  evaluate 
accurately  the  effect  of  the  atmosphere  on  the  performance  of  this 
system,  it  is  necessary  to  study  the  attenuating  elements  and  mech¬ 
anisms,  the  laser  itseJ  f,  and  to  relate  the  results  to  current  theory 
and  data.  This  report  examines  the  chief  sources  cf  attenuation  to 
1.S4  micron  radiation,  i.e.,  absorption  and  scattering.  Nonlinear 
effects  will  not  be  considered  as  they  are  important  only  at  high 
beam  intensities. 

The  primary  attenuating  elements  to  be  encountered  in  atmos¬ 
pheric  transmission  are  the  constituent  gases  and  the  aerosols  present 
in  the  beam  path.  These  will  reduce  the  effective  transmitted  energy 
through  mechanisms  that  are  wavelength  dependent.  The  reduction  can 
come  about  through  absorption  and  scattering  of  the  beam  energy  by 
the  materials  present  in  the  beam  path. 

Radiation  will  be  attenuated  by  the  constituent  gases  and  by 
aerosol  components.  Attenuation  by  gases  will  arise  through  (1) 
Selective  line  absorption,  (2)  Continuum  absorption,  and  (3)  Rayleigh 
scattering.  Selective  line  absorption  occurs  when  the  radiation  energy 
corresponds  very  closely  to  an  energy  level  difference  in  one  of  the 
atmospheric  components.  Continuum  absorption  nay  be  thought  of  as 
being  composed  of  the  wings  of  many  absorption  lines  whose  centers 
are  remote  from  the  wavelength  of  absorption.  (At  higher  photon 
energies  photo-dissociation  and  photo-ionization  processes  contribute 
strongly  to  the  continuum  absorption.)  Aerosol  contributions  aie 
in  the  form  of  selective  absorption  and  scattering.  The  absorption 
is  dependent  on  the  chemical  composition  and  mass  density  of  the 
aerosol.  Scattering,  in  addition  to  depending  on  chemical  composition 
and  mass  density,  is  also  a  function  of  the  shape.  The  intensity 
of  all  of  these  mechanisms  is  strongly  wavelength  dependent. 

In  view  of  the  wavelength  dependence  of  the  absorption  and 
scattering  mechanisms  the  exact  spectral  response  of  the  laser  must 
be  determined.  At  present  the  output  wavelength  and  the  spectral 
width  are  not  known  with  certainty.  Therefore,  these  characteristics 
will  have  to  be  determined,  most  probably  as  each  absorption  measure¬ 
ment  is  made.  These  measurements  will  have  to  be  made  with  at  least 
the  accuracy  of  the  absorption  measurements,  which  are  to  be  high 
resolution. 

Currently  available  data  indicate  approximately  12  weak  absorption 
bands  in  the  l.S  to  1.6  micron  region.  These  bands  are  shown  in  Fig.  1. 


[CRONS) 


Some  of  these  will  certainly  be  negligible:  OH,  NO,  D2O.  At  this 
point  it  is  difficult  to  attach  much  importance  to  the  N2O  band  at 
1.S5  micron  and  the  O2  electronic  band  at  1.58  micron.  Certainly 
the  CO2  bands  will  be  important.  Writer  vapor  absorption  will  be 
primarily  continuum  absorption  and  weak  selective  line  absorption 
due  to  the  higher  transitions  for  bands  centered  out  of  t...e  region. 
There  is  a  possibility  that  deuterated  water  vapor  may  contribute  to 
the  atmospheric  absorption  since  101  and  021  bands  are  located  in 
the  1.54  region. 

The  published  data  indicate  that  the  atmospheric  gas  absorption 
contribution  to  the  attenuation  coefficient  at  1 . .54 jj  will  be  on  the 
order  of  lO^knr1.  Depending  on  the  laser  characteristics  and  the 
water  vapor  content,  this  number  may  increase  by  almost  an  order  of 
magnitude.  Aerosol  absorption  and  scattering  will  be  the  predominant 
attenuation  mechanism  in  the  1.54y  region.  r Based  on  Elterman’s 
calculations,  the  scattering  component  alone  should  be  approximately 
10"!  km-*  (approximately  a  10%  reduction  pet  km  of  path.) 


PARAMETERS  AFFECTING  PROPAGATION 


Electromagnetic  energy  (hereafter  referred  to  as  "radiation") 
may  be  attenuated  by  any  of  the  following  processes: 

a.  molecular  and  atomic  absorption  and  scattering; 

b.  aerosol  absorption  and  scattering; 

c.  nonlinear  effects. 


This  report  concerns  only  the  first  two  loss  mechanisms.  Nonlinear 
effects  are  only  important  at  very  high  beam  intensities;  only  low 


to  moderate  beam  intensities  are  contemplated  (on  the  order  of  or 
less  than  108  watts/cm^  for  10"8  second  j>=  lses  at  low  repetition 


rates) .  The  propagation  of  monochromatic  radiation  satisfies  the 


radiation  transfer  equation  which  is  of  the  form 


ST  ■  kxt-h  *  -V  (1) 

where  k>  is  the  monochromatic  attenuation  coefficient,  J\  is  the 
monochromatic  source  function,  1^  is  the  specific  monochromatic  in¬ 
tensity  defined  as  energy  per  unit  time,  per  unit  area,  per  unit  solid 
angle,  per  unit  wavelength  (X)  interval.  In  general,  k*  and  J>.  are 
functions  of  position.  In  the  atmosphere,  with  relatively  low  tempera¬ 
ture,  the  primary  contribution  to  J\  is  the  reradiated  energy  and 
scattered  energy  which  is  generally  negligibly  small  in  the  incident 


beam  direction.  Assuming  all  scattered  and  reradiated  energy  is 
lost  to  the  beam*  one  may  define  the  transmission,  T,  by  the  simpler 
Beer's  Law: 


l 

«xp  [-  /  *xdx] 


(2) 


where 

I.  *  Transmitted  specific  intensity, 
o 

Ix  *  Received  specific  intensity, 

k.  ■  Total  attenuation  coefficient  (a  function  of  position 
along  the  path), 

l  «  Length  of  path. 

The  special  dependence  of  equation  2  is  More  clearly  seen  by  replacing 
fk\  dx  with  / k^p  Jx  where  k{  is  the  mass  attenuation  coefficient  and 
p  is  mass  density.  In  these  cases  the  inte&ral  fk'p  dx  is  replaced 
with  w,  where  w  »  Jp dx  and  kj[  is  considered  constant.  Tne  usual 
units  used  are  k*  ■  cm2/gm  and  w  *  gm/cm2. 


When  energy  is  transmitted  over  a  finite  wavelength  interval, 
the  transmission  is  given  by 


X2 

f 


h  dX 


!  hdx 


2  l 

K  I.  e“^kX  ^dX. 


A1  Xo 


/  h 


(3) 


dX 


It  is  apparent  that  the  validity  of  the  simpler  Beer's  Law  approxima¬ 
tion  where  the  I's  and  k's  are  replaced  by  average  values  depends 


♦  This  creates  an  overestimate  of  losses  since  forward  scattering 
in  small  angles  about  the  initial  beam  is  considered  as  loss.  For 
certain  applications  this  scattered  component  will  not  reduce  the 
efficiency. 
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not  only  upon  the  attenuation  characteristics  of  the  medium  but  also 
upon  the  wavelength  distribution  of  energy  in  the  transmitted  beau. 
This  point  is  brought  to  light  because  there  is  some  uncertainty 
concerning  the  exact  distribution  of  the  energy  emitted  by  the  1.54  p 
laser.  This  will  be  discussed  in  greater  detail  later. 

.0 

The  total  attenuation  coefficient  can  be  subdivided  into  com¬ 
ponents  as  follows 


where 


♦  o. 


♦  S, 


♦  a. 


*  C„ 


(4) 


a  «  atomic  and  molecular  seiectr  e  line  absorption  coefficient 
aT 

o  *  atomic  and  molecular  scattering  coefficient 
AT 

CT  *  continuum  absolution  coefficient 

S.  ■  aerosol  scattering  coefficient 
aT 

a.  v  aerosol  absorption  coefficient. 
aT 


All  of  the  above  coefficients  are  functions  of  position  along  the 
radiation  path.  This  dependence  arises  from  the  special  variation 
of  composition  of  the  medium,  its  temperature,  pressure,  etc.  With 
knowledge  of  the  medium  parameters,  the  individual  coefficients  may 
be  defined  as  follows: 


where  is  the  monochromatic  absorption  cross  section  for  the  con- 

i 

stituent  whose  number  density  is  N^.  The  sum  is  over  all  absorbing 

species  in  the  medium.  The  atomic  and  molecular  scattering  coefficient 
is  generally  considered  to  be  the  contribution  from  Rayleigh  scattering: 


where  o.  is  the  fraction  scattered  by  a  single  particle  and  has  the 
Ai 

dimensions  of  an  area.  Over  small  wavelength  ranges  the  continuum 
coefficient.  Op,  is  relatively  constant.  In  practical  applications 
the  continuum  absorption  contains  contributions  from  all  sources  that 
cannot  be  easily  identified. 
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The  total  aerosol  scattering  coefficient,  S  ,  may  be  evaluated 

AT 

using  Mie  theory  if  one  assumes  all  particles  are  spherical  ** . 

The  total  aerosol  absorption  coefficient,  a  ,  can  be  deter - 

*T 

mined  in  the  same  manner  as  the  gas  atomic  and  molecular  absorption 
coefficient. 

To  evaluate  accurately  the  performance  of  any  radiation  device 
in  the  atmosphere,  ths  following  must  be  known: 

a.  Intensity  distribution  of  source. 

b.  Absorption  and  scattering  cross  sections  of  atmospheric 
constituents  for  the  wavelength  interval  under  con¬ 
sideration. 

The  problems  associated  with  obtaining  this  information  for  the  1.54y 
laser  will  be  reviewed. 


DATA  ON  1.54  y  WAVELENGTH  LASER 


Detailed  knowledge  of  the  laser  output  characteristics  is  as 
important  as  information  concerning  the  atmospheric  influence  on 
laser  propagation.  It  is  necessary,  for  example,  to  know  the  wave¬ 
length,  spectral  width,  stability  and  other  parameters  of  the  laser 
emission  before  accurate  predictions  concerning  propagation  can  be 
made.  In  this  respect  the  Er-*"**  laser  bears  some  discussion. 

This  laser  is  a  solid-state  device  which,  when  operated  at  1.54  y, 
appears  comparable  to  the  ruby  or  neodymium  lasers  in  terms  of  output 
power  and  threshold  levels.  Stimulated  emission  from  the  erbium  ion 
has  been  achieved  in  several  crystalline  host  materials  as  well  as 
in  glass. 

Stimulated  emission  at  1.54  y  was  first  reported  by  Snitzer  (2) 
in  1965.  He  used  a  doped  glass  host  at  room  temperature  and  identified 
the  emission  as  being  from  the  *1^2  excited  state  at  a  wavelength 

of  1.5426  y.  Previous  to  this,  stimulated  emission  had  been  achieved 


“  Theory  has  been  extended  to  include  some  spheroids  of  revolu¬ 
tion.  Irregular  shaped  particles  are  not  tractable  in  the  theory. 
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with  Er***  in  crystalline  hosts  at  1.61,  1.612  and  1.617  microns 
(3,4,S) „  all  at  cryogenic  temperatures. 

Snitzer's  investigations  included  preliminary  spectral  observa¬ 
tions  of  relatively  high  resolution.  From  these  measurements  he 
was  able  to  determine  the  wavelength  and  estimate  the  line  width  as 
approximately  10  8,  but  the  accuracy  and  repeatability  of  the  measure¬ 
ments  were  uncertain. 

It  was  found  that  the  emission  wavelength  shifted  to  1.56  u 
upon  the  heating  of  the  rod.  Such  a  thermal  effect  is  suggestive  of 
the  temperature  dependence  of  the  6943  8  line  of  ruby;  but  the  mechanism 
responsible  for  the  effect  is  apparently  not  the  same  in  the  two 
lasers. 

The  fluorescent  spectrum  of  Er  has  been  studied  at  John  Hopkins , 
and  Dieke  (6)  has  reported  on  the  effects  of  Stark  splitting  in  various 
crystalline  hosts.  It  is  found  that  the  4Ij3^2  ievel  1185  seven 

Stark  components,  which  appear  to  spread  over  a  relatively  wide  spectral 
range  depending  upon  the  host  material  (i.e.,  the  field  at  the  sites 
of  the  Er*"*"*-  ion).  If  this  is  taken  as  representative,  one  might 
expect  a  considerable  broadening  of  the  4Ij3^2  transition  line  in  a 

glass  host  where  the  fields  vary  widely  due  to  the  random  structure. 

This  has  given  rise  to  some  speculation  that  the  emission  line  may  be 
quite  broad  (tens  of  8)  and  possibly  erratic  in  its  spectral  location  (7). 

The  foregoing  may  be  summarized  as  follows.  The  exact  wavelength 
and  width  of  the  emission  of  the  Er*4*  laser  is  needed  before  the  effects 
of  the  atmospheric  absorption  lines  in  the  vicinity  can  be  determined. 

Further,  if  the  output  is  erratic  the  absorption  effects  will  not  be 
readily  predictable.  It  appears  that  the  laser  may  emit  anywhere 
within  a  *  100  8  band  about  15,426  8  and  with  a  spectral  width  of  as 
much  as  possibly  50  8. 

If  the  pulse  is  wider  than  a  few  angstroms  the  absorption 
coefficient  should  be  replaced  with  an  average  value,  where  the 
average  value  is  defined  by  equating  equations  2  and  3.  This  will 
produce  a  relatively  constant  absorption  coefficient  in  this  region. 

If  the  spectral  width  is  of  the  order  of  1  8  or  less  the  absorption 

coefficient  will  be  subject  to  considerable  variation  with  wavelength  | 

in  the  region.  1 

£ 

This  uncertainty  creates  several  experimental  problems.  Not 
only  must  one  determine  the  wavelength  of  the  laser  radiation  but  one 
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aust  also  determine  its  spectral  width.  This  requires  that  high 
dispersion  wavelength  measurements  be  made  simultaneously  with  the 
absorption  measurement. 

EXISTING  DATA  ON  1.54  MICRON  TRANSMISSION 

Many  investigators  (1,  8-19)  have  investigated  the  terrestrial 
atmosphere's  transmission  characteristics  in  the  1.54  micron  region. 

Only  one  investigator,  Mohler,  et  al.  (8)  used  high  resolution  measure¬ 
ments  and  attempted  to  identify  all  absorption  lines.  One  ilS)  observed 
six  strong  atmospheric  absorption  lines  in  the  1.54  v  region  over  an 
extended  path.  Two  of  these  investigations  were  solar  radiation 
studies  (8  and  17).  Two  of  the  investigations  cited  are  theoretical 
"Band-Model"  studies  calculated  by  Plass,  et  al.  (18,  19).  Of  these 
investigations  five  are  sramarized  below. 

Mohler 's  Solar  Spectrum  Study  (8) 

Figures  2,  3,  and  4  are  facsimiles  of  plates  91,  92,  and  93  from 
the  Mohler  Solar  Atlas.  Table  I  identifies  most  terrestrial  absorp¬ 
tion  lines  shown  on  the  plates.  The  absorption  intensities  indicated 
in  Table  I  are  line  equivalent  widths  (essentially  the  area  of  the 
absorption  lines).  Hie  equivalent  widths  may  be  used  to  crudely 
construct  the  line  strengths  by  considering  each  line  to  have  a 
Lorentz  shape  and  a  halfwidth  of  approximately  one  angstrom.  It  should 
be  noted  that  the  absorption  curves  represent  the  selective  line 
absorption  through  1.5  sir  masses  referenced  to  the  transmission 
through  the  continuum  absorption  and  scattering. 

An  upper  limit  may  be  obtained  for  the  maximum  selective  line 
absorption  coefficient  by  use  of  these  data.  Assuming  an  equivalent 
12  km  sea  level  path  and  a  minimum  transmission  of  0.7  in..  Equation  2 
yields 

ax  ■  3  x  10"2  km’1 
max 

From  a  superficial  examination  of  the  spectrum  it  appears  that  over  a 
10  X  band  the  average  transmission  is  on  the  order  of  0.95.  This 
yields  an  average  selective  absorption  coefficient  of 

*v  —3  -1 

a.  ■  4.1  x  10  km 

P 

It  seems  reasonable  to  expect  the  line  absorption  contribution  to 
the  total  attenuation  coefficient  to  be  between  these  two  limits. 

Gates  and  Harrop  Solar  Study  (17) 

Gates  and  Harrop  used  a  solar  spectrum  recorded  in  January  1955 
on  a  very  clear  day  at  Denver,  Colorado  to  determine  band  model 


Figure  3.  Facsimile  of  Mohlcr  Plate  92,  snowinR  Solar  and  Atmos 
Alisorpti'  n  lines  between  1S,380R  and  15,450a  from  re 
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atmospheric  attenuation  coefficients.  Their  spectrometer  resolution 
was  about  70  ft.  These  investigations  attempted  to  evaluate  the 
continuum  attenuation  coefficient  at  1.542  microns  in  terms  of  the 
estimated  precipi table  water  vapor  in  the  path.  Their  result  was: 

kcont  *  x  :0'2  “‘X0' 

Their  calculation  for  the  band  model  specific  absorption  coefficient, 
ug(for  the  1.54y  region),  in  terms  of  precipitable  water  vapor  yields 

k*o  «  2.84  x  10’3  mm’1 (H.O) 

P  » 

which  may  be  somewhat  higher  than  that  deduced  from  the  Mohler  data. 
These  data  indicate  a  continuum  absorption  coefficient  approximately 
an  order  of  magnitude  higher  than  the  specific  line  absorption 
coefficient.  It  should  be  noted  that  aerosol  scattering  and  absorption 
were  included  in  these  authors'  continuum  coefficient.  It  might  also 
be  noted  that  these  coefficients  were  based  upon  approximately 
6mm  H^O  in  the  light  path. 

Berlinguette  and  Tate  Fixed  Range  Measurements  (16) 

Spectroscopic  measurements,  with  a  resolution  of  about  65  8  at 
1.54  microns  were  made  of  atmospheric  transmission  in  the  0.9  v  to 
5.9  ii  region  over  fixed  outside  paths  ranging  from  7  m  to  1.1  km. 
Absolute  transmission  measurements  were  attempted;  however,  experi¬ 
mental  difficulties  resulted  in  calculated  transmission  greater  than 
100%  as  indicated  in  Table  II.  Total  atmospheric  attenuation  was 
determined.  Selective  window  absorption  coefficients,  in  terms  of 
precipitable  water  vapor,  were  established  for  the  1.4  to  1.9  micron 
window  and  other  windows.  The  authors  state  that  these  values  agreed 
with  those  established  by  Taylor  and  Yates  and  by  Elder  and  Strong 
(see  Figure  5).  Figure  6  indicates  that  the  continuum  absorption 
was  rather  high,  amounting  to  about  a  25%  absorption.  If  the  inference 
is  correct,  their  continuum  coefficient  should  be  at  least  2  orders 
of  magnitude  higher  than  the  selective  line  absorption  coefficient 
at  1.54  u.  Examination  of  their  experimental  results  as  shown  in 
Figure  7  indicates  a  total  transmission  of  0.95  at  1.54p  for  7.4  mm 
water  vapor  in  the  1.2  km  path.  The  numbers  indicate  a  total  attenua¬ 
tion  coefficient  of 

-  6.7  x  10”3  mm’1 (HjO) . 


***  The  product  pi  ( l  in  cn)  for  water  vapor  is  numerically 
the  number  of  grams  of  water  vapor  in  a  sq.  cm.  column  of  length  l. 

It  is  also  the  number  of  precipitable  centimeters  of  1^0  in  the  path. 
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Peak  Transmissions  for  Various  Conditions 
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SELECTIVE  TRANSMISSION  % 
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Figure  5.  Comparison  of  Selective  Transmission  calculated 
by  Berlinguette  and  Tate  (reference  16)  to  those 
of  Yates  and  Taylor  (Y  and  T)  and  Elder  and  Strong 
(E  and  S) .  Calculations  are  for  total  transmission 
in  the  band  1.38  to  1.90  microns. 
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ABSOLUTE  ATMOSPHERIC  TRANSMISSION 
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Transmission  curves  of  llerl inguette  and  Tate  (reference  16)  indicate  a  95%  transmission  ov< 
path  at  1.54u.  The  approximate  spectral  resolution,  A/AA,  at  the  beginning  and  end  of  the 
spectral  region  is  denoted  by  "res.,"  in  the  legend  of  the  graph. 


This  value  seems  unreasonably  small  for  total  attenuation.  It  appears 
feasible  for  the  selective  line  absorption  at  1.54  microns,  which 
agrees  reasonably  with  the  previous  values. 

Taylor  and  Yates  Fixed  Range  Measurements  (12,  13,  14). 

Measurements  were  made  over  5.5  and  16.25  km  sea  level  paths 
at  Chesapeake  Bay  and  over  a  27.7  km  path  at  10,000  feet  altitude 
in  Hawaii.  Figure  8  displays  their  results  over  the  two  Chesapeake 
Bay  paths.  In  terms  of  precipitable  water  vapor  in  the  path,  their 
approximate  attenuation  coefficients  at  1.54v>  are: 

a)  5.5  km  path:  k.  *  3.15  x  10'2  mm'^H.O) 

b)  16.25  km  path:  k1>54  .  1.S6  x  10”z  mm  (H20) 

Calculations  in  terms  of  reciprocal  km  yield 

•  -2  .1 

a)  5.5  km  path;  ^  54  *  7.9  x  10”  km” 

b)  16.25  km  path;  *1>54  «5x  10”2  km”1 

A  comparison  between  these  values  and  those  of  Berlinguette  and  Tate 
indicates  a  rather  large  discrepancy.  Again  aerosol  absorption  and 
scattering  have  not  been  considered. 


Taylor  and  Yates  also  give  crude  measurements  of  transmission  in 
a  snow  storm  and  in  fog  mixed  with  rain.  The  attenuation  coefficient 
during  a  snow  storm  at  1.54y  is  estimated  to  be: 


k  £  0.93  km”1, 
snow  «un  . 

The  attenuation  coefficient  for  light  fo 
to  be  approximately: 


k »  .  0.91  km 

fog-ram 


-1 


mixed  with  rain  is  estimated 


Eltcrman's  Scattering  Coefficient  (1) 


A  clear  standard  atmosphere  model  was  tabulated  for  a  25  km 
meteorological  range*  based  upon  the  1964  U.  S.  Standard  Atmosphere. 
Rayleigh  scattering  and  Mie  scattering  coefficients  were  calculated 
for  22  different  wavelengths  for  various  altitudes  (assuming  200 
particulates  per  cm^  at  sea  level).  Figures  9  and  10  are  plots  of 


*  The  meteorological  range,  V,  is  that  distance  for  which  the 
transmittance  falls  to  2%  i.e.,  V  *  3.1912/o,  where  0  is  the  attenua¬ 
tion  coefficient. 
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«r?E5ni(r^“cr}”.spectr*  obt“ned  by  T,>,ior 


ATMOSPHERIC  SCATTERING  COEFFICIENTS 
VERSUS  WAVELENGTH  FOR  SEA  LEVEL  ALTITUDE 


Aerosol  Scattering 
Meteorological  Range  =  25  km 


Rayleigh  Scattering 


Wavelength  (microns) 

Figure  9.  Extinction  Coefficients  at  sea  level  for  aerosol  scattering 
and  Ravlcigh  scattering,  fron  data  by  F.ltcman  (l). 


ATMOSPHERIC  SCATTERING  COEFFICIENTS 
VERSUS  WAVELENGTH  FOR  3km  ALTITUDE 


Aerosol  Scattering 
Meteorological  Rarpc  =  23  I 


i - ! - 1 - 1 - 1 - r 

l.o  1.2  1.4  1.6  1.8  2.0 

h-vclcngth  (nicrons) 

Figure  10.  Extinction  Coefficients  at  3  En  for  Aerosol 

Scattering  an.]  Rayleigh  scattering,  fron  ilata 
by  Fltcman  (1) . 
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selected  values,.  Figure  9  shows  the  sea  level  curves  for  both  sets 
of  coefficients.  In  particular  these  calculations  indicate  that 
Rayleigh  scattering  may  be  neglected  comparison  with  Mie  scattering, 
based  upon  the  reported  data,  th'  _vel  Mie  coefficient  should 

be  approximately: 

5  .  e  0.1  km'1 

sea  level 

His  calculations  (See  figure  10)  also  indicate  that  the  Mie  scattering 
coefficient  at  3  km  for  1.54|i  may  be  an  order  of  magnitude  less: 

ST,  =  8  x  10*3  km"1. 

3km 

It  should  be  noted  that  this  author  assumed  only  three  attenuation 
mechanisms:  ozone  absorption,  Rayleigh  scattering  and  aerosol  (Mie) 
scattering. 

CONCLUSIONS 


In  section  II  of  this  report  five  factors  were  identified  that 
contribute  to  the  atmospheric  attenuation.  The  review  in  the  pre¬ 
ceding  sections  indicates  that  most  inve -.tigators  have  attempted  to 
correlate  all  absorption  to  one  predemin  uit  mechanism:  either  to 
water  vapor  or  aerosols,  but  not  both,  "his  leads  to  difficulty  in 
predicting  exact  atmospheric  attenuation  characteristics  for  various 
physical  conditions  (variations  in  water  content,  dust  content,  etc). 

It  appears  that  a  systematic  laboratory  approach  must  be  undertaken 
to  evaluate  the  water  vapor  absorption.  Once  this  is  completed, 
careful  determination  of  the  aerosol  attenuation  must  be  attempted. 

The  attenuation  due  to  water  vapor  and  aerosol  should  then  be  correlated 
with  actual  field  measurements  in  which  both  the  water  vapor  and 
aerosol  content  are  measured. 

In  the  absence  of  such  data,  approximate  values  may  be  obtained 
using  the  published  data.  There  appears  to  be  little  doubt  that 
particulate  scattering  will  probably  be  the  most  important  loss 
mechanism  for  continental  sea  level  paths.  The  relative  importance 
of  atmospheric  gas  absorption  processes  (excluding  water  vapor)  will 
depend  to  a  great  extent  upon  the  wavelength  band  width  of  the  laser. 

At  higher  altitudes  and  for  exceptional  clear  atmosphere  conditions 
gas  absorption  will  be  relatively  more  important. 

Based  upon  the  Elterman  data,  the  particulate  scattering 
coefficient  should  be  within  the  range  (for  25  miles  visibility) 
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8  x  10"3  km"1  <  S.  CA  <  1.0  x  10"1  km"1 

The  Increased  number  of  smoke  particulates  encountered  in 
military  uses  may  increase  this  upper  limit  by  a  factor  of  10;. 
however  the  effect  of  forward  scattering  increasing  the  beam  efficiency 
will  tend  to  reduce  this  upper  limit  somewhat.  The  exact  effective 
value  for  the  upper  limit  for  54  is  quite  uncertain. 

The  atmospheric  selective  line  absorption  coefficient,  based 
upon  Wohler’s  data,  should  vary  between  the  limits 

3  x  10"3  km"1  <  o.  <  3  x  10"2  km"1 

(It  should  be  noted  that  the  effect  of  water  vapor  absorption  is  not 
completely  accounted  for  in  this  coefficient.) 

There  is  considerable  uncertainty  in  the  continuum  contribution 
due  to  water  vapor.  The  various  experimental  risults  indicate  a  very 
wide  spread  of  values.  An  estimate  of  this  contribution  is  probably 
within  the  range 

1  x  10"3  mm"1  (H20)  <_kj  <  1  x  10"2  no"1  (H2D) . 

For  a  warm  humid  day  (70*F  and  70%  relative  humidity)  these 
coefficients  become 

1.6  x  10"2  km_1<_  CT  <  1.6  x  10"1  km-1 

This  would  effectively  double  the  attenuation  coefficient. 

Based  upon  the  preceaing,  the  expected  value  of  the  total 
attenuation  coefficient  should  be  within 

0.02  km"1  <  k_  <0.29  km’1 
“  *1,54  “ 

Battlefield  attenuation  will  probably  be  near  the  upper  limit.  For 
adverse  conditions  such  as  rein  or  fog,  the  total  attenuation 
coefficient  will  be  approximately 

k_  «  0.9  km"1 
*1.54 


26 


REFERENCES 


1.  Elterman,  L.,  "Atmospheric  Attenuation  Model  1964,  in  the  Ultra¬ 

violet,  Visible  and  Infrared  Regions  for  Altitudes  to  50  km," 
AD  607-859,  Sept.  1964. 

2.  Snitzer,  E.,  and  R.  Woodcock,  Anplied  Physics  Letters,  6,  3,  45, 

Feb.  1965. 

3.  Pollack,  S.  A.,  Proc.  of  the  IEEE,  p.  1793,  Dec.  1963. 

4.  Kiss,  Z.  J.,  and  R.  C.  Duncan,  Jr.,  Proc.  IEEE,  p.  1531,  June  1962. 

5.  Ballman,  J.,  J.  Atmos.  Phys.,  34,  p,  3155. 

6.  Dieke,  G.  H.,  "Advances  in  Quantum  Electronics,  Ed.  Jay  R.  Singer, 

Columbia  Univ.  Press,  New  York,  1961. 

7.  Long,  Ronald,  Ohio  State  University,  Private  Communication. 

8.  Mohler,  0.  C.,  A.  K.  Pierce,  R.  R.  McMath,  and  L.  Goldberg, 

'•'Photometric  Atlas  of  the  Near  Infrared  Solar  Spectrum 
X8465  to  X25242,"  University  of  Michigan  Press,  1950. 

9.  Strong,  J.,  "Atmospheric  Attenuation  of  Infrared  Radiation," 

OSRD  Report  #5986. 

10.  Elliott,  A.,  G.  G.  MacNeice,  and  E.  A.  Jones,  "The  Transmission 

of  the  Atmosphere  in  the  Near  Infrared,"  Admiralty  Research 
Laboratory  Report  ARL/R.2/E600. 

11.  Gebbie,  H.  A.,  N.  R.  Harding,  C.  Hilsum,  A.  W.  Pryce,  and  V. 

Roberts  "Atmospheric  Transmission  in  the  1-14  micron  Region," 
Admiralty  Research  Laboratory  Report  ARL/R.4/E600  -  Proc. 

Roy.  Soc.  A206,  86,  (19S1). 

12.  Taylor,  J.  H.,  and  H.  W.  Yates,  "Atmospheric  Transmission  in  the 

Infrared,"  J.  Opt.  Soc.  Am.  47,  223  (1957). 

13.  Yates,  H.  W.,  and  J.  H.  Taylor,  "Infrared  Transmission  of  the 

Atmosphere,"  U.S.  Naval  Research  Laboratory,  NRL  Report  5453. 

14.  Yates,  H.  W.,  "The  Absorption  Spectrum  from  0.5  to  25  microns  of 

a  1000-feet  Atmospheric  Path  at  Sea  Level,"  U.S.  Naval 
Research  Laboratory  Report  5033. 


27 


15.  Street®,  John  L.,  J.  H.  Taylor,  and  G.  L.  Ball,  "Near  Infrared 

Atmospheric  Absorption  over  a  25  km  Horizontal  Path  at 
Sea  Level,”  Applied  Optics,  6,  3,  March  1967. 

16.  Berlinguette,  G.  E.,  and  P.  A.  Tate,  "Some  Short-Range  Narrow 

Beam  Atmospheric  Transmission  Measurements  in  the  Near 
Infrared,”  Defence  Res.  Chem  Lab.,  Rpt.  #420  (Canada), 

Proj  #0-89-16-80-31,  December  1963. 

17.  Gates,  D.  M.,  and  W.  J.  Harrcp,  "Infrared  Transmission  of  the 

Atmosphere  to  Solar  Radiation,"  Appl.  Optics  2,  9,  887, 
September  1963.  " 

18.  Stull,  V.  R.,  P.  J.  Wyatt,  G.  N.  Plass,  "The  Infrared  Transmittance 

of  Carbon  Dioxide,"  Appl, Optics,  3,  2,  243,  February  1964. 

19.  Wyatt,  P.  J.,  V.  R.  Stull,  G.  N.  Plass,  "The  Infrared  Transmittance 

of  Water  Vapor,"  Appl.  Optics  3,  2,  229,  February  1964. 

20.  Snitzer,  E.,  Private  Communication. 

21.  Mohler,  0.  C„,  A.  K.  Pierce,  R.  R.  McMath  and  L.  Goldberg,  "A 

Table  of  Solcr  Spectrum  Wavelengths  11984&  to  25578X," 
University  of  Michigan  Press,  1955. 

22.  Elder,  T.,  and  J.  Strong,  "The  Infrared  Transmission  of  Atmospheric 

Windows,"  Journ.  Franklin  Inst.,  255,  189,  1953. 


28 


ATMOSPHERIC  SCIENCES  RESEARCH  PAPERS 


1.  Webb,  W.L.,  “Development  of  Droplet  Size  Distributions  in  the  Atmosphere,"  June 

1954. 

2.  Hansen,  F.  V.,  and  H.  Rachele,  “Wind  Structure  Analysis  and  Forecasting  Methods 

for  Rockets,”  June  1954. 

3.  Webb,  W.  L.,  “Net  Electrification  of  Water  Droplets  at  the  Earth’s  Surface,”  J.  Me- 

teorol.,  December  1954. 

4.  Mitchell,  R.,  “The  Determination  of  Non-Bailistic  Projectile  Trajectories,”  March 

1955. 

5.  Webb,  W.  L.,  and  A.  McPike,  “Sound  Ranging  Technique  for  Determining  the  Tra¬ 

jectory  of  Supersonic  Missiles,”  #1,  March  1955. 

6.  Mitchell,  R.,  and  W.  L.  Webb,  “Electromagnetic  Radiation  through  the  Atmo¬ 

sphere,”  #1,  April  1955. 

7.  Webb,  W.  L.,  A.  McPike,  and  H.  Thompson,  “Sound  Ranging  Tecimique  for  Deter¬ 

mining  the  Trajectory  of  Supersonic  Missiles,”  #2,  July  1955. 

8.  Barichivich,  A.,  “Meteorological  Effects  on  the  Refractive  Index  and  Curvature  of 

Microwaves  in  the  Atmosphere,”  August  1955. 

9.  Webb,  W.  L.,  A.  McPike  and  H.  Thompson,  “Sound  Ranging  Technique  for  Deter¬ 

mining  the  Trajectory  of  Supersonic  Missiles,”  #3,  September  1955. 

10.  Mitchell,  R.,  Notes  on  the  Theory  of  Longitudinal  Wave  Motion  in  the  Atmo¬ 

sphere,"  February  1956. 

11.  Webb,  W.  L.,  “Particulate  Counts  in  Natural  Clouds,”  J.  Meteorol.,  April  1956. 

12.  Webb,  W.  L.,  “Wind  Effect  on  the  Aerobee,”  #1,  May  1956. 

13.  Rachele,  H.,  and  L.  Anderson,  “Wind  Effect  on  the  Aerobee,”  #2,  August  1956. 

14.  Beyers,  N.,  “Electromagnetic  Radiation  through  the  Atmosphere,”  i±2,  January  1957. 

15.  Hansen,  F.  V.,  “Wind  Effect  on  the  Aerobee,”  #3,  January  1957. 

16.  Kershner,  J.,  and  H.  Bear,  “Wind  Effect  on  the  Aerobee,”  #4,  January  1957. 

17.  Hoidale,  G.,  “Electromagnetic  Radiation  through  the  Atmosphere,”  #3,  February 

1957. 

18.  Querfeld,  C.  W.,  “The  Index  of  Refraction  of  the  Atmosphere  for  2.2  Micron  Radi¬ 

ation,”  March  1957. 

19.  White,  Lloyd,  “Wind  Effect  on  the  Aerobee,”  #5,  March  1957. 

20.  Kershner,  J.  G.,  “Development  of  a  Method  for  Forecasting  Component  Ballistic 

Wind,”  August  1957. 

21.  Layton,  Ivan,  “Atmospheric  Particle  Size  Distribution,”  December  1957. 

22.  Rachele,  Henry  and  W.  H.  Hatch,  “Wind  Effect  on  the  Aerobee,”  #6,  February 

1958. 

23.  Bevers.  N.  J.,  “Electromagnetic  Radiation  through  the  Atmosphere,”  #4,  March 

1958. 

24.  Prosser,  Shirley  J.,  “Electromagnetic  Radiation  through  the  Atmosphere,” 

April  1958. 

25.  Armendariz,  M.,  and  P.  H.  Taft,  “Double  Theodolite  F  illistic  Wind  Computation  i,” 

June  1958. 

26.  Jenkins,  K.  R.  and  W.  L.  Webb,  “Rocket  Wind  Measurements,”  June  1958. 

27.  Jenkins,  K.  R.,  “Measurement  of  High  Altitude  Winds  with  Loki,”  July  1958. 

28.  Hoidale,  G.,  “Electromagnetic  Propagation  through  the  Atmosphere,”  #6,  Febru¬ 

ary  1959. 

29.  McLardie,  M.,  R.  Helvey,  and  L.  Traylor,  “Low-Level  Wind  Profile  Prediction  Tech¬ 

niques,”  #1,  June  1959. 

30.  Lamberth,  Roy,  “Gustiness  at  White  Sands  Missile  Range,”  #1,  May  1909. 

31.  Beyers,  N.  J.,  B.  Hinds,  and  G.  Hoidale,  “Electromagnetic  Propagation  through  the 

Atmosphere,”  #7,  June  1959. 

32.  Beyers,  N.  J.,  “Radar  Refraction  at  Low  Elevation  Angles  (U),”  Proceedings  of  the 

Army  Science  Conference,  June  1959. 

33.  White,  L.,  O.  W.  Thiele  and  P.  H.  Taft,  “Summary  of  Ballistic  and  Meteorological 

Support  During  IGY  Operations  at  Fort  Churchill,  Canada,”  August 

1959. 

34.  Hainline,  D.  A.,  “Drag  Cord-Aerovane  Equation  Analysis  for  Computer  Application,” 

August  1959. 

35.  Hoidale,  G.  B.,  “Slope-Valley  Wind  at  WSMR,”  October  1959. 

36.  Webb,  W.  L.,  and  K.  R.  Jenkins,  “High  Altitude  Wind  Measurements,”  J.  Meteor- 

oL,  16,  5,  October  1959. 


37.  White,  Lloyd,  “Wind  Effect  on  the  Aerobee,”  ^9,  October  1959. 

38.  Webb,  W.  L.,  J.  W.  Coffman,  and  G.  Q.  Clark,  “A  High  Altitude  Acoustic  Sensing 

System,’’  December  1959. 

39.  Webb,  W.  L.,  and  K.  R.  Jenkins,  “Application  of  Meteorological  Rocket  Systems,’’ 

J.  Geophys.  Res.,  64,  11,  November  1959. 

40.  Duncan,  Louis,  “Wind  Effect  on  the  Aerobee,”  #10,  February  1960. 

41.  Helvey,  R.  A.,  “Low-Level  Wind  Profile  Prediction  Techniques,”  #2,  February  1960. 

42.  Webb,  W.  L.,  and  K.  R.  Jenkins,  “Rocket  Sounding  of  High-Altitude  Parameters,” 

Proc.  GM  Rel.  Symp.,  Dept,  of  Defense,  February  1960. 

43.  Armendariz,  M.,  and  H.  H.  Monahan,  “A  Comparison  Between  the  Double  Theodo¬ 

lite  and  Single-Theodolite  Wind  Measuring  Systems,”  April  1960. 

44.  Jenkins,  K.  R.,  and  P.  H.  Taft,  “Weather  Elements  in  tne  Tularosa  Basin,”  July  1960. 

45.  Beyers,  N.  J.,  “Preliminary  Radar  Performance  Date,  on  Passive  Rocket-Bome  Wind 

Sensors,”  IRE  TRANS,  MIL  ELECT,  MIL-4,  2-3,  April-Julv  1960. 

46.  Webb,  W.  L.,  and  K.  R.  Jenkins,  “Speed  of  Sound  in  the  Stratosphere,”  June  1960. 

47.  Webb,  W.  L.,  K.  R.  Jenkins,  and  G.  Q.  Clark,  “Rocket  Sounding  of  High  Atmo¬ 

sphere  Meteorological  Parameters,”  IRE  Trans.  Mil.  Elect.,  MIL-4,  2-3, 
April-July  1960. 

48.  Helvey,  R.  A..,  “Low-Level  Wind  Profile  Prediction  Techniques,”  #3,  September 

1960. 

49.  Beyers,  N.  J.,  and  O.  W.  Thiele,  “Meteorological  Wind  Sensors,”  August  1960. 

50.  Armijo,  Larry,  “Determination  of  Trajectories  Using  Range  Data  from  Three  Non- 

colinear  Radar  Stations,”  September  1960. 

Carnes.  Patsy  Sue,  “Temperature  Variations  in  the  First  200  Feet  of  the  Atmo¬ 
sphere  in  an  Arid  Region,”  July  1961. 

52.  Springer,  H.  S.,  and  R.  O.  Olsen,  “Launch  Noise  Distribution  of  Nike-Zeus  Mis¬ 

siles,”  July  1961. 

53.  Thiele,  O.  W.,  “Density  and  Pressure  Profiles  Derived  um  Meteorological  Rocket 

Measurements,”  September  1961. 

54.  Diamond,  M.  and  A.  B.  Gray,  “Accuracy  of  Missile  Sound  Ranging,”  November 

1961. 

55.  Lamberth,  R.  L.  and  D.  R.  Veith,  “Variability  of  Surface  Wind  in  Short  Distances,” 

#1,  October  1961. 

56.  Swanson,  R  N.,  “Low-Level  Wind  Measurements  for  Ballistic  Missile  Application,” 

January  1962. 

57.  Lamberth,  R.  L.  and  J.  H.  Grace,  “Gustiness  at  White  Sands  Missile  Range,”  #2, 

January  1962. 

58.  Swanson,  R.  N.  and  M.  M.  Hoidale,  “Low-Level  Wind  Profile  Prediction  Tech- 

niquea,”  #4,  January  1962. 

59.  Rachele,  Henry,  “Surface  Wind  Model  for  Unguided  Rockets  Using  Spectrum  and 

Cross  Spectrum  Techniques,”  January  1962. 

60.  Rachele,  Henry,  “Sound  Propagation  through  a  Windy  Atmosphere,”  #2,  Febru¬ 

ary  1962. 

61.  Webb,  W.  L.,  and  K.  R.  Jenkins,  “Sonic  Structure  of  the  Mesosphere,”  J.  Acous. 

Soc.  Amer.,  34,  2,  February  1962. 

62.  Touria,  M.  H.  and  M.  M.  HoiJale,  “Low-Level  Turbulence  Characteristics  at  White 

Sands  Missile  Range,”  April  1962. 

63.  Miere,  Bruce  T.,  “Mesospheric  Wind  Reversal  over  White  Sands  Missile  Range,” 

March  1962. 

64.  Fisher,  E.,  R.  Lee  and  H.  Rachele,  “Meteorological  Effects  on  an  Acoustic  Wave 

within  a  Sound  Ranging  Array,”  May  1962. 

65.  Walter,  E.  L.,  “Six  Variable  Ballistic  Model  for  a  Rocket,”  June  1962. 

66.  Webb,  W.  L.,  "Detailed  Acoustic  Structure  Above  the  Tropopause,”  J.  Applied  Me - 

teoroL,  1,  2,  June  1962. 

67.  Jenkins.  K.  R,  “Empirical  Comparisons  of  Meteorological  Rocket  Wind  Sensors,”  J. 

Appl  Meteor.,  June  1962. 

88.  Lamberth,  Roy,  “Wind  Variability'  Estimates  as  a  Function  of  Sampling  Interval.” 
July  1962. 

69.  Rachele,  Henry,  “Surface  Wind  Sampling  Periods  for  Unguided  Rocket  Impact  Pre¬ 

diction,”  July  1962. 

70.  Traylor,  Larry,  “Coriolis  Effects  on  the  Aerobee-Hi  Sounding  Rocket,”  August  1962. 

71.  McCoy,  J.,  and  G.  Q.  Clark,  “Meteorological  Rocket  Thermometry August  1962. 
7£.  Rachele,  Henry,  “Real-Time  Prelaunch  Impact  Prediction  System,”  August  1962. 


- — - 


It 


> 

e,. 


i 


/ 

Ss 


1 


f' 

Sr 

£ 


73.  Beyers,  N.  J.,  0.  »*'.  Thiele,  and  N.  K.  Wagner,  “Performance  Characteristics  of 

Meteorlogical  Rocket  Wind  and  Temperature  Sensors,"  October  1962. 

74.  Coffman,  .J.,  and  R.  Price,  “Some  Errors  Associated  with  Acoustical  Wind  Measure¬ 

ments  through  a  Layer,"  October  1962. 

75.  Armendariz,  M  ,  E.  Fisher,  and  J.  Serna,  “Wind  Shear  in  the  Jet  Stream  at  WS- 

MR,"  November  1962. 

76.  Armendariz,  M.,  F.  Hansen,  and  S.  Carnes,  “Wind  Variability  and  its  Effect  on  Roc¬ 

ket  Impact  Prediction,”  January  1963. 

77.  Querfeld,  C.,  and  Wayne  Yunker,  “Pure  Rotational  Spectrum  of  Water  Vapor,  I: 

Table  of  Line  Parameters.”  February  1963. 

78.  Webb,  W.  L.,  “Acoustic  Component  of  Turbulence,”  J.  Applied  Meteorol.,  2,  2, 

April  1963. 

79.  Beyers,  N.  and  L.  Engberg,  “Seasonal  Variability  in  the  Upper  Atmosphere,”  May 

1963. 

80.  Williamson,  L.  E.,  “Atmospheric  Acoustic  Structure  of  the  Sub-polar  Fall,”  May  1963. 

81.  Lamberth,  Roy  and  D.  Veith,  “Upper  Wind  Correlations  in  Southwestern  United 

States,”  June  1963. 

82.  Sandlin,  E.,  “An  analysis  of  Wind  Shear  Differences  as  Measured  by  AN/FPS-16 

Radar  and  AN/GMD-lB  Rawinsonde,"  August  1963. 

83.  Diamond,  M.  and  R.  P.  Lee,  “Statistical  Data  on  Atmospheric  Design  Properties 

Above  30  km,”  August  1963. 

84.  Thiele,  O.  W.,  “Mesospheric  Density  Variability  Based  on  Recent  Meteorological 

Rocket  Measurements,”  J.  Applied  Meteorol.,  2,  5,  October  1963. 

85.  Diamond,  M.,  and  O.  Essenwanger,  “Statistical  Data  on  Atmospheric  Design  Prop¬ 

erties  to  30  km,”  Astro.  Aero.  Engr.,  December  1963. 

86.  Hansen,  F.  V.,  “Turbulence  Characteristics  of  the  First  62  Meters  of  the  Atmo¬ 

sphere,”  December  1963. 

87.  Morris,  J.  E.,  and  B.  T.  Miers,  “Circulation  Disturbances  Between  25  and  70  kik>- 

mett.^  Associated  with  the  Sudden  Wanning  of  1963,”  J.  of  Geophys. 
Res.,  January  1964. 

88.  Thiele,  O.  W.,  “Some  Observed  Short  Term  and  Diurnal  Variations  of  Stratospher¬ 

ic  Density  Above  30  km.”  January  1964. 

89.  Sandlin,  R.  E.,  Jr.  and  E.  Armijo,  “An  Analysis  of  AN/FPS-16  Radar  and  AN/ 

GMD-1B  Rawinsonde  Data  Differences,”  January  1964. 

90.  Miers,  B.  T.,  and  N.  J.  Beyers,  “Rocketsonde  Wind  and  Temperature  Measure¬ 

ments  Between  30  and  70  km  for  Selected  Station  ,  J.  Applied  Mete¬ 
orol,  February  1964. 

91.  Webb,  W.  L.,  “The  Dynamic  Stratosphere,”  Astronautics  and  Aerospace  Engineer¬ 

ing,  March  1964. 

92.  Low,  R.  D.  H.,  “Acoustic  Measurements  of  Wind  through  a  Layer,”  March  1964. 

93.  Diamond.  M.,  “Cross  Wind  Effect  on  Sound  Propagation,”  J.  Applied  Meteorol, 

April  1964. 

94.  Lee,  R.  P.,  “Acoustic  Ray  Tracing,”  April  1964. 

95.  Reynolds,  R.  D.,  “Investigation  of  the  Effect  of  Lapse  Rate  on  Balloon  Ascent  Rate,” 

May  1964. 

96.  Webb,  W.  L.,  “Scale  of  Stratospheric  Detail  Structure,”  Space  Recearch  V,  May 

1964. 

P7.  Barber,  T.  L.,  “Proposed  X-Ray-Infrared  Method  for  Identification  of  Atmospher¬ 
ic  Mineral  Dust,”  June  1964. 

98.  Thiele,  0.  W.,  “Ballistic  Procedures  for  Unguided  Rocket  Studies  of  Nuclear  Environ¬ 

ments  (U),”  Proceedings  of  the  Army  Science  Conference  June  1964. 

99.  Hom,  J.  D.,  and  E.  J.  Trawle,  "Orographic  Effects  on  Wind  Variability,”  July  1964. 

100.  Hoidale,  G.,  C.  Querfeld,  T.  Hall,  and  R.  Mireles,  “Spectial  Transmissivity  of  the 

Earth’s  Atmosphere  in  the  250  to  500  Wave  Number  Interval,”  #1, 
September  1964. 

101.  Duncan,  L.  D.,  R.  Ensey,  and  B.  Engeboe,  “Athena  Launch  Angle  Determination," 

September  1964. 

102.  Thiele,  O.  W.,  “Feasibility  Experiment  for  Measuring  Atmospheric  Density  Through 

the  Altitude  Range  of  60  to  100  KM  Over  White  Sands  Missile  Range,” 
October  1964. 

103.  Duncan,  L.  D.,  and  R.  Ensey,  “Six-Degree-of-Fieedom  Digital  Simulation  Model  for 

Unguided,  Fin-Stabilized  Rockets,”  November  1964. 


104.  Hoidale,  G.,  C.  Querfeld,  T.  Hall,  and  R.  Mireles,  “Spectral  Transmissivity  of  the 

Earth’s  Atmosphere  in  the  250  to  500  Wave  Number  Interval,”  #2, 
November  1964. 

105.  Webb,  W.  L.,  “Stratospheric  Solar  Response,”  J.  Atmos.  Sci.,  November  1964. 

106.  McCoy,  J.  and  G.  Clark,  “Rocketsonde  Measurement  of  Stratospheric  Temperature,” 

December  1964 

107.  Farone,  W.  A.,  “Electromagnetic  Scattering  from  Radially  Inhomogeneous  Spheres 

as  Applied  to  the  Problem  of  Clear  Atmosphere  Radar  Echoes,”  Decem¬ 
ber  1964. 

108.  Farone,  W.  A.,  “The  Effect  of  the  Solid  Angle  of  Il'umination  or  Observation  on  the 

Color  Spectra  of  ‘White  Light’  Scattered  by  Cylinders,”  January  1965. 

109.  Williamson,  L.  E.,  “Seasonal  and  Regional  Characteristics  of  Acoustic  Atmospheres,” 

J.  Geophys.  Res.,  January  1965. 

110.  Armendariz,  M.,  “Ballistic  Wind  Variability  at  Green  River,  Utah,”  January  1955. 

111.  Low,  R.  D.  H.,  “Sound  Speed  Variability  Due  to  Atmospheric  Composition,”  Janu¬ 

ary  1965. 

112.  Querfeld,  C.  W.,  ‘Mie  Atmospheric  Optics,”  J.  Opt.  Soc.  Amer.,  January  1965. 

113.  Coffman,  J.,  “A  Measurement  of  the  Effect  of  Atmospheric  Turbulence  on  the  Co¬ 

herent  Properties  of  a  Sound  Wave,”  January  1965. 

114.  Rachele,  H.,  and  D.  Veith,  “Surface  Wind  Sampling  for  Unguided  Rocket  Impact 

Prediction,”  January  1965. 

115.  Ballard,  H.,  and  M.  Izquierdo,  “Reduction  of  Microphone  W'ind  Noise  by  the  Gen¬ 

eration  of  a  Proper  Turbulent  Flow,”  February  1965. 

116.  Mireles,  R.,  “An  Algorithm  for  Computing  Half  Widths  of  Overlapping  Lines  on  Ex¬ 

perimental  Spectra,”  February  1965. 

117.  Richart,  H.,  “Inaccuracies  of  the  Single-Theodolite  Wind  Measuring  System  in  Bal¬ 

listic  Application,”  February  1965. 

118.  D’Arcy,  M.,  “Theoretical  and  Practical  Study  of  Aerobee-150  Ballistics,”  March 

1965. 

119.  McCoy,  J.,  “Improved  Method  for  the  Reduction  of  Rocketsonde  Temperature  Da¬ 

ta,”  March  1965. 

120.  Mireles,  R.,  “Uniqueness  Theorem  in  Inverse  Electromagnetic  Cylindrical  Scatter¬ 

ing,”  April  1965. 

121.  Coffman,  J.,  “The  Focusing  of  Sound  Propagating  Vertically  in  a  Horizontally  Stra¬ 

tified  Medium,”  April  1965. 

122.  Farone,  W.  A.,  and  C.  Querfeld,  “Electromagnetic  Scattering  from  an  Infinite  Cir¬ 

cular  Cylinder  at  Oblique  Incidence,”  April  1965. 

123.  Rachele,  H.,  “Sound  Propagation  through  a  Windy  Atmosphere,”  April  1965. 

124.  Miers,  B.,  “Upper  Stratospheric  Circulation  over  Ascension  Island,”  April  1965. 

125.  Rider,  L.,  and  M.  Armendariz,  “  A  Comparison  of  Pibal  and  Tower  Wind  Measure¬ 

ments,”  April  1965. 

126.  Hoidale,  G.  B.,  "Meteorological  Conditions  Allowing  a  Rare  Observation  of  24  Mi¬ 

cron  Solar  Radiation  Near  Sea  Level,”  MeteoroL  Magazine,  May  1965. 

127.  Beyers,  N.  J.,  and  B.  T.  Miers,  “Diurnal  Temperature  Change  in  the  Atmosphere 

Betseen  30  and  60  km  over  White  Sands  Missile  Range,”  J.  Atmot. 
Sci.,  May  1965. 

128.  Querfeld,  C.,  and  W.  A.  Farone,  ‘Tables  of  the  Mie  Forward  Lobe,”  May  1965. 

129.  Farone,  W.  A.,  Generalization  of  Rayleigh-Gans  Scattering  from  Radially  Inhomo¬ 

geneous  Spheres,”  J.  Opt.  Soc.  Amer.,  June  1965. 

130.  Diamond,  M.,  “Note  on  Mesospheric  Winds  Above  White  Sands  Missile  Range,”  J. 

Applied.  MeteoroL,  June  1955. 

131.  Clark,  G.  Q.,  and  J.  G.  McCoy,  “Measurement  of  Stratospheric  Temperature,”  J. 

Applied  MeteoroL,  June  1965. 

132.  Hall,  T.,  G.  Hoidale,  R  Mireles,  and  C.  Querfeld,  "Spectral  Transmissivity  of  tne 

Earth’s  Atmosphere  in  the  250  to  500  Wave  Number  Interval,”  #3, 
July  1965. 

133.  McCoy,  J.,  and  C.  Tate,  “The  Delta-T  Meteorological  Rocket  Payload,”  June  1964. 

134.  Horn,  J.  D.,  “Obstacle  Influence  in  a  Wind  Tunnel,”  July  1965. 

135.  McCoy,  J.,  “An  AC  Probe  for  the  Measurement  of  Electron  Density  and  Collision 

Frequency  in  the  Lower  Ionosphere,”  July  1965. 

136.  Miers,  B.  T.,  M.  D.  Kays,  O.  W.  Thiele  and  E.  M.  Newby,  “Investigation  of  Short 

Term  Variations  of  Several  Atmospheric  Parameters  Above  30  KM,” 
July  1965. 


‘  -.no  ■•*> -.»•?-•  «-. . -  •  i-  -  «•  -  •_*••<*««•  M+i&Sfy 


137.  Sema,  J.,  “An  Acoustic  Ray  Tracing  Method  for  Digital  Computation,”  September 

1965. 

138.  Webb,  W.  L.,  “Morphology  of  Noctil  icent  Clouds,”  J.  Geophys.  Res.,  70,  18,  4463- 

4475,  September  1965. 

139.  Kays,  M.,  and  R.  A.  Craig,  “On  the  Order  of  Magnitude  of  Large-Scale  Vertical  Mo¬ 

tions  in  the  Upper  Stratosphere,”  J.  Geophys.  Res.,  70,  18,  4453-4462, 
September  1965 

140.  Rider,  L.,  “Low-Level  Jet  at  White  Sands  Missile  Range,”  September  1965. 

141.  Lamberth,  R.  L,  R.  Reynolds,  and  Morton  Wurtele,  “The  Mountain  Lee  Wave  at 

White  Sands  Missile  Range,”  Bull.  Amer.  Meteorol.  Soc.,  46,  10,  Octo¬ 
ber  1965. 

142.  Reynolds,  R.  and  R.  L.  Lamberth,  “Ambient  Temperature  Measurements  from  Ra¬ 

diosondes  Flown  on  Constant-Level  Balloons,”  October  1965. 

143.  McCluney,  E.,  “Theoretical  Trajectory  Performance  of  the  Five-Inch  Gun  Probe 

System,”  October  1965. 

144.  Pena,  R.  and  M.  Diamond,  “Atmospheric  Sound  Propagation  near  the  Earth’s  Sur¬ 

face,”  October  1965. 

145.  Mason,  J.  B.,  “A  Study  of  the  Feasibility  of  Using  Radar  Chaff  For  Stratospheric 

Temperature  Measurements,”  November  1965. 

146.  Diamond,  M.,  and  R.  P.  Lee,  “Long-Range  Atmospheric  Sound  Propagation,”  J. 

Geophys.  Res.,  70,  22,  November  1965. 

147.  Lamberth,  R.  L.,  “On  the  Measurement  of  Dust  Devil  Parameters,”  November  1965. 

148.  Hansen,  F.  V.,  and  P.  S.  Hansen,  “Formation  of  an  Internal  Boundary  over  Heter¬ 

ogeneous  Terrain,”  November  1965. 

149.  Webb,  W.  L.,  “Mechanics  of  Stratospheric  Seasonal  Reversals,”  November  1965. 

150.  U.  S.  Army  Electronics  R  &  D  Activity,  “U.  S.  Army  Partidpaticn  in  the  Meteoro¬ 

logical  Rocket  Network,”  January  1966. 

151.  Rider,  L.  J.,  and  M.  Armendariz,  “Low-Level  Jet  Winds  at  Green  River,  Utah,”  Feb¬ 

ruary  1966. 

152.  Webb,  W.  L.,  “Diurnal  Variations  in  the  Stratospheric  Circulation,”  February  1966. 

153.  Beyers,  N.  J.,  B.  T.  Miers,  and  R.  J.  Reed,  “Diurnal  Tidal  Motions  near  the  Strato- 

pause  During  48  Hours  at  WSMR,”  February  1966. 

154.  Webb,  W.  L.,  “The  Stratospheric  Tidal  Jet,”  February  1966. 

155.  Hall,  J.  T.,  “Focal  Properties  cl  a  Plane  Grating  in  a  Convergent  Beam,”  February 

1966. 

156.  Duncan,  L.  D.,  and  Henry  Rachele,  “Real-Time  Meteorological  System  for  Firing  of 

Unguided  Rockets,”  February  1966. 

157.  Kays,  M.  D.,  “A  Note  on  the  Comparison  of  Rocket  and  Estimated  Geostrophic  Winds 

at  the  10-mb  Level,”  J.  Appl.  Meteor.,  February  1966. 

158.  Rider,  L.,  and  M.  Armendariz,  “  A  Comparison  of  Pibal  and  Tower  Wind  Measure¬ 

ments,”  J.  Appl.  Meteor.,  5,  February  1966. 

159.  Duncan,  L.  D.,  “Coordinate  Transformations  in  'trajectory  Simulations,”  February 

i966. 

160.  Williamson,  L.  E.,  "Gun-Launched  Vertical  Probes  at  White  Sands  Missile  Range,” 

February  1966. 

161.  Randhawa,  J.  S.,  Ozone  Measurements  with  Rocket-Borne  Ozonesondes,”  March 

1966. 

162.  Armendariz,  Manuel,  and  Laurence  J.  Rider,  “Wind  Shear  for  Small  Thickness  Lay¬ 

ers,”  March  1966. 

163.  Low,  R.  D.  H.,  “Continuous  Determination  of  the  Average  Sound  Velocity  over  an 

Arbitrary  Path,”  March  1966. 

164.  Hansen,  Frank  V.,  “Richardson  Number  Tables  for  the  Surface  Boundary  Ijaycr,” 

March  1966. 

165.  Cochran,  V.  C.,  E.  M.  D’Arcy,  and  Florencio  Ramirez,  “Digital  Computer  Program 

for  F i ve-Degree-of-Freedom  Trajectory,”  March  1966. 

166.  Thiele,  O.  W.,  and  N.  J.  Beyers,  “Comparison  of  Rocketsonde  and  Radiosonde  Temp¬ 

eratures  and  a  Verification  of  Computed  Rocketsonde  Pressure  and  Den¬ 
sity,”  April  1966. 

167.  Thiele,  0.  W.,  “Observed  Diurnal  Oscillations  of  Pressure  and  Density  in  the  Upper 

Stratosphere  and  Lower  Mesosphere,”  April  1966. 

168.  Kays,  M.  D.,  and  R.  A.  Craig,  “On  the  Order  of  Magnitude  of  Large-Scale  Vertical 

Motions  in  the  Upper  Stratosphere,”  J.  Geophy.  Res.,  April  1966. 

169.  Hansen,  F.  V.,  “The  Richardson  Number  in  the  Planetary  Boundary  Layer,”  May 

1966. 


■X 
* 
?  a 


i 


170.  Ballard,  H.  N.,  “The  Measurement  of  Temperature  in  the  Stratosphere  and  Meso¬ 

sphere,”  June  1966. 

171.  Hansen,  Frank  V.,  “The  Ratio  of  the  Exchange  Coefficients  for  Heat  and  Momentum 

in  a  Homogeneous,  Thermally  Stratified  Atmosphere,”  June  1966. 

172.  Hansen,  Frank  V,,  “Comparison  of  Nine  Profile  Models  for  the  Diabafic  Boundary 

Layer,”  June  1966. 

173.  Rachele,  Henry,  "A  Sound-Ranging  Technique  for  Locating  Supersonic  Missiles,” 

May  1966. 

174.  Farone,  W.  A.,  and  C.  W.  Querfeld,  “Electromagnetic  Scattering  from  Inhomogeneous 

Infinite  Cylinders  at  Oblique  Incidence,”  J.  Opt.  Soc.  Amer.  56,  4,  476- 
480,  April  1966. 

175.  Mireles,  Ramon,  “Determination  jf  Parameters  in  Absorption  Spectra  by  Numerical 

Minimization  Techi  jques,”  J.  Opt.  Soc.  Amer.  56,  5, 644-647,  May  1966. 
1(6.  Reynolds,  R.,  and  R.  L.  Lamberih,  “Ambient  Temperature  Measurements  from  Ra¬ 
diosondes  Flown  on  Constant-Level  Balloons,”  J.  Appl.  Meteorol.,  5,  3, 
304-307,  June  1966. 

177.  Hall,  James  T.,  “Focal  Properties  of  a  Plane  Grating  in  a  Convergent  Beam,”  Appl. 

Opt.,  5,  1051,  June  1966 

178.  Rider,  Laurence  J.,  “Low-Level  Jet  at  White  Sands  Missile  Range,”  J.  Appl.  Mete¬ 

orol.,  5,  3,  283-287,  June  1966. 

179.  McCluney,  Eugene,  “Projectile  Dispersion  as  Caused  by  Barrel  Displacement  in  the 

5-Inch  Gun  Probe  System,”  July  1966. 

180.  Armendariz,  Manuel,  and  Laurence  J.  Rider,  “Wind  Shear  Calculations  for  Small 

Shear  Layers,”  June  1966. 

181.  Lam  berth,  Roy  L.,  and  Manuel  Armendariz,  “Upper  Wind  Correlations  in  the  Cen¬ 

tral  Rocky  Mountains,”  June  1968. 

182.  Hansen,  Frank  V.,  and  Virgil  D.  Lang,  “The  Wind  Regime  in  the  First  62  Meters  of 

the  Atmosphere,”  June  1966. 

183.  Randhawa,  Jagir  S.,  “Rocket-Bome  Ozonesonde,”  July  1966. 

184.  Rachele,  Henry,  and  L.  D.  Duncan,  “The  Desirability  of  Using  a  Fast  Sampling  Rate 

for  Computing  Wind  Velocity  from  Pilot-Balloon  Data,”  July  1966. 

185.  Hinds,  B.  D.,  and  R.  G.  Pappas,  “A  Comparison  of  Three  Methods  for  the  Cor¬ 

rection  of  Radar  Elevation  Angle  Refraction  Errors,”  August  1966. 

186.  Riedmuller,  G.  F.,  and  T.  L.  Barber,  “A  Mineral  Transition  in  Atmospheric  Dust 

ansport,”  August  1966. 

187.  Hall,  J.  T.,  C.  W.  Querfeld,  and  G.  B.  Hoidale,  “Spectral  Transmissivity  of  the 

Earth’s  Atmosphere  in  the  250  to  500  Wave  Number  Interval,”  Part 
IV  (Final),  July  1966. 

188.  Duncan,  L.  D.  and  B.  F.  Engebos,  “Tecliniques  for  Computing  Launcher  Settings 

for  Unguided  Rockets.”  September  1966. 

189.  Duncan,  L.  D.,  “Basic  Considerations  in  the  Development  of  an  Unguided  Rocket 

Trajectory  Simulation  Model,”  September  1966. 

190.  Miller,  Walter  B.,  “Consideration  of  Some  Problems  in  Curve  Fitting,”  September 

1966 

191.  Cermak,  J.  E.,  and  J.  D.  Horn,  “The  Tower  Shadow  Effect,”  August  1966. 

192.  W’ebb,  W.  L.,  “Stratospheric  Circulation  Response  to  a  Solar  Eclipse,”  October  1966. 

193.  Kennedy,  Bruce,  “Muzzle  Velocity  Measurement,”  October  1966. 

194.  Traylor,  Larry  E.,  “A  Refinement  Technique  for  Unguided  Rocket  Drag  Coeffic¬ 

ients,”  October  1966 

195.  Nusbaum,  Henry,  “A  Reagent  for  the  Simultaneous  Microscope  Determination  of 

Quartz  and  Halides,”  October  1966. 

196.  Kays,  Marvin  and  R.  0.  Olsen,  “Improved  Rocketsonde  Parachute-derived  Wind 

Profiles,”  October  1966. 

197.  Engebos,  Bernard  F.  and  Duncan,  Louis  D.,  “A  Nomogram  for  Field  Determina¬ 

tion  of  Launcher  Angles  for  Unguided  Rockets,”  October  1966. 

198.  Webb,  W.  L.,  “Midlatitude  Clouds  in  the  Upper  Atmosphere,”  November  1966. 

199.  Hansen,  Frank  V.,  “The  Lateral  Intensity  of  Turbulence  as  a  Function  of  Stability,” 

November  1966. 

200.  Rider,  L.  J.  and  M.  Armendariz,  “Differences  of  Tower  and  Pibal  Wind  Profiles,” 

November  1966. 

201.  Lee,  Robert  P.,  “A  Comparison  of  Eight  Mathematical  Models  for  Atmospheric 

Acoustical  Ray  Tracing,”  November  1966. 

202.  Low,  R.  D.  H.,  et  al.,  “Acoustical  and  Meteorological  Data  Report  SOTRAN  I  and 

II,”  November  1966. 


*****  twomu 


‘v*-  r-  -»*  - 


203.  Hunt,  J.  A.  and  J.  D.  Horn,  "Drag  Plate  Balance,"  December  1966. 

204.  Annendariz,  M.,  and  H.  Rachele,  “Determination  of  a  Representative  Wind  Profile 

from  Balloon  Data,”  December  1966. 

205.  Hansen,  Frank  V.,  “The  Aerodynamic  Roughness  of  the  Complex  Terrain  of  White 

Sands  Missile  Range,”  January  1967 

206.  Morris,  James  E.,  “Wind  Measurements  in  the  Subpolar  Mesopause  Region,”  Jan¬ 

uary  1967. 

207.  Hall,  James  T.,  “Attenuation  of  Millimeter  Wavelength  Radiation  by  Gaseous 

Water,”  January  1967. 

208.  Thiele,  O.  W.,  and  N.  J.  Beyers,  “Upper  Atmosphere  Pressure  Measurements  With 

Thermal  Conductivity  Gauges,”  January  1967. 

209.  Armendariz,  M.,  and  H.  Rachele,  “Determination  of  a  Representative  Wind  Profile 

from  Balloon  Data,”  January  1967. 

210.  Hansen,  F.  V.,  “The  Aerodynamic  Roughness  of  the  Complex  Terrain  of  White  Sands 

Missile  Range,  New  Mexico,”  January  1967. 

211.  D’Arcy,  Edward  M.,  “Some  Applications  of  Wind  to  Unguided  Rocket  Impact  Pre¬ 

diction,”  March  1967. 

212.  Kennedy,  Bruce,  “Operation  Manual  for  Stratosphere  Temperature  Sonde,”  March 

1967. 

213.  Hoidale,  G.  B.,  S.  M.  Smith,  A.  J.  Blanco,  and  T.  L.  Barber,  “A  Study  of  Atmosohe- 

ric  Dust,”  March  1967. 

214.  Longyeai,  J.  Q.,  “An  Algorithm  for  Obtaining  Solutions  to  Laplace’s  Titad  Equa¬ 

tions,"  March  1967. 

215.  Rider,  L.  J.,  “A  Comparison  of  Pibal  with  Raob  and  Rawin  Wind  Measurements,” 

April  1967. 

216.  Breeland,  A.  H.,  and  R.  S.  Bonner,  “Results  of  Tests  Involving  Hemispherical  Wind 

Screens  in  the  Reduction  of  Wind  Noise,”  April  1967. 

217.  Webb,  Willis  L.,  and  Max  C.  Bolen,  “The  D-region  Fair-Weather  Electric  Field,” 

ADril  1967. 

218.  Kubinski,  Stanley  A  Comparative  Evaluation  of  the  Automatic  Tracking  Pilot- 

Balloon  Wind  Measuring  System,”  April  1967. 

219.  Miller,  Walter  B.,  and  Henry  Rachele,  "On  Nonparametric  Testing  of  the  Nature  of 

Certain  Time  Series,”  April  1967. 

220.  Hansen,  Frank  V.,  “Spacial  and  Temporal  Distribution  of  the  Gradient  Richardson 

Number  in  the  Surface  and  Planetary  Layers,”  May  1967. 

221.  Randhawa,  Jagir  S.,  “Diurnal  Variation  of  Ozone  at  High  Altitudes,”  May  1967. 

222.  Ballard,  Harold  N.,  “A  Review  of  Seven  Papers  Concerning  the  Measurement  of 

Temperature  in  the  Stratosphere  and  Mesosphere,”  May  1967. 

223.  Williams,  Ben  H.,  “Synoptic  Analyses  of  the  Upper  Stratospheric  Circulation  Dur¬ 

ing  the  Late  Winter  Storm  Period  of  1966,”  May  1967. 

224.  Horn,  J.  D.,  and  J.  A.  Hunt,  “System  Design  for  the  Atmospheric  Sciences  Office 

Wind  Research  Facility ,”  May  1967. 

225.  Miller,  Walter  B.,  and  Henry  Rachele,  “Dynamic  Evaluation  of  Radar  and  Photo 

Tracking  Systems,  ”  May  1967. 

226.  Bonner,  Robert  S.,  and  Ralph  H.  Rohwer,  “Acoustical  and  Meteorological  Data  Re¬ 

port  -  SOTRAN  III  and  IV,”  May  1967. 

227.  Rider,  L.  J.,  “On  Time  Variability  of  Wind  at  White  Sands  Missile  Range  New  Mex¬ 

ico,”  June  1967. 

228.  Randhawa,  Jagir  S.,  “Mesospheric  Ozone  Measurements  During  a  Solar  Eclipse  ” 

June  1967.  ’’  '  1 

229.  Beyers,  N.  J.,  and  B.  T.  Miers,  “A  Tidal  Experiment  in  the  Equatorial  Stratosphere 

over  Ascension  Island  (8S)",  June  1967. 

230.  Miller,  V/.  B.,  and  H.  Rachele,  “On  the  Behavior  of  Derivative  Processes,”  June  1967 

231.  Walters,  Randall  K.,  “Numerical  Integration  Methods  for  Ballistic  Rocket  Trajec¬ 

tory  Simulation  Programs,”  June  1967. 

232.  Hansen,  Frank  V.,  “A  Diabatic  Surface  Boundary  Layer  Model,”  July  1967. 

233.  Butler,  Ralph  L.,  and  James  K.  Hall,  “Comparison  of  Two  Win*4  curing  Sys¬ 

tems  with  the  Con t raves  Photo-Theodolite,”  July  I 

234.  Webb,  Willis  L.,  “The  Source  of  Atmospheric  Electrification.”  Ju.  o7. 


235.  Hinds,  B.  D.,  “Radar  Tracking  Anomalies  over  an  Arid  Interior  Basin,”  August  1967. 

236.  Christian,  Larry  0.,  “Radar  Cross  Sections  for  Totally  Reflecting  Spheres,”  August 

1967. 

237.  D’Arcy,  Edward  M.,  “Theoretical  Dispersion  Analysis  of  the  Aerobee  350,”  August 

1967. 

238.  Anon.,  “Technical  Data  Package  for  Rocket-Dome  Temperature  Sensor,”  August 

1967. 

239.  Glass,  Roy  I.,  Roy  L.  Lamberth,  and  Ralph  D.  Reynolds,  “A  High  Resolution  Con¬ 

tinuous  Pressure  Sensor  Modification  for  Radiosondes,”  August  1967. 

240.  Low,  Richard  D.  H.,  “Acoustic  Measurement  cf  Supersaturation  in  a  Warm  Cloud,” 

August  1967. 

241.  Rubio,  Roberto,  and  Harold  N.  Ballard,  “Time  Response  and  Aerodynamic  Heating 

of  Atmospheric  Temperature  Sensing  Elements,”  August  1967. 

242.  Sea  graves,  Mary  Ann  B.,  “Theoretical  Performance  Characteristics  and  Wind  Effects 

for  the  Aerobee  150,”  August  1967. 

243.  Duncan,  Louis  Dean,  “Channel  Capacity  and  Coding,”  August  1967. 

244.  Dunaway,  G.  L.,  and  Mary  Ann  B.  Seagraves,  “Launcher  Settings  Versus  Jack  Set¬ 

tings  for  Aerobee  150  Launchers  -  Launch  Complex  35,  White  Sands 
Missile  Range,  New  Mexico,”  August  1967. 

245.  Duncan,  Louis  D.,  and  Bernard  F.  Engebos,  “A  Six-Degree-of-Freedom  Digital  Com¬ 

puter  Prognm  for  Trajectory  Simulation,”  October  1967. 

246.  Rider,  Laurence  J.,  and  Manuel  Armendariz,  “A  Comparison  cf  Sine  ultaneous  Wind 

Profiles  Derived  from  Smooth  and  Roughened  Spheres,”  September 

1967. 

247.  Reynolds,  Ralph  D.,  Roy  L.  Lamberth,  and  Morton  G.  Wurtele,  “Mountain  Wave 

Theory  vs  Field  Test  Measurements,”  September  1967. 

248.  Lee,  Robert  P.,  “Probabilistic  Model  for  Acoustic  Sound  Ranging,”  Octi/. ..  1967. 

249.  Williamson,  L.  Edwin,  and  Bruce  Kennedy,  “Meteorological  Shell  for  Standard  Artil¬ 

lery  Pieces  -  A  Feasibility  Study,”  October  1967. 

250.  Rohwer,  Ralph  H.,  “Acoustical,  Meteorological  and  Seismic  Data  Report  -  SOTRAN 

V  and  VI,”  October  1967. 

251.  Nordquist,  Walter  S.,  Jr.,  “A  Study  in  Acoustic  Direction  Finding,”  November  1967. 

252.  Nordquist,  Walter  S.,  Jr.,  “A  Study  of  Acoustic  Monitoring  of  the  Gun  Probe  Sys¬ 

tem,”  November  1967. 

253.  Avars,  E.  P.,  and  B.  T.  Miers,  “A  Data  Reduction  Technique  for  Meteorological 

Wind  Data  above  30  Kilometers,”  December  1967. 

254.  Hansen,  Frank  V.,  “Predicting  Diffusion  of  Atmospheric  Contaminants  by  Considera¬ 

tion  of  Turbulent  Characteristics  of  WSMR,”  January  1968. 

255.  Randhawa,  Jagir  S.,  “Rocket  Measurements  of  Atmospheric  Ozone,”  January  1968. 

256.  D'Arcy,  Edward  M.,  “Meteorological  Requirements  for  the  Aerobee-350,”  January 

1968. 

257.  D’Arcy,  Edward  M.,  “A  Computer  Study  of  the  Wind  Frequency  Response  of  Un¬ 

guided  Rockets,”  February  1568. 

258.  Williamson,  L.  Edwin,  “Gun  Launched  Probes  -  Parachute  Expulsion  Tests  Under 

Simulated  Environment,”  February  1968. 

259.  Beyers,  Norman  J.,  Bruce  T.  Miers,  and  Elton  P.  Avara,  “The  Diurnal  Tide  Near 

the  Stratopause  over  White  Sands  Missile  Range,  New  Mexico,”  Febru¬ 
ary  1968. 

260.  Traylor,  Larry  E.,  “Preliminary  Study  of  the  Wind  Frequency  Response  of  the  Honest 

John  M50  Tactical  Rocket,”  March  1968. 

261.  Engebos,  B.  F.,  and  L.  D.  Duncan,  “Real-Time  Computations  of  Pilot  Balloon 

Winds,”  March  1968. 

262.  Butler,  Ralph  and  L.  D.  Duncan,  “Empirical  Estimates  of  Errors  in  Double-Theo¬ 

dolite  Wind  Measurements,”  February  1968. 

263.  Kennedy,  Bruce,  et  aL,  “Thin  Film  Temperature  Sensor,”  March  1968. 

264.  Bruce,  Dr.  Rufus,  James  Mason,  Dr.  Kenneth  White  and  Richard  B.  Gomez,  “An 

Estimate  of  the  Atmospheric  Propagation  Characteristics  of  1.54  Micron 
Laser  Energy,”  March  1968. 


iiSSSSSKSW' 


UNCLASSIFIED 

Sccunty  Classification 


DOCUMENT  CONTROL  DATA  -RAD 


(Security  ctmtalflcmtton  ol  tftlm,  body  ot  mbttrmct  mnd  indtr  ln£^nnotmtion*mut(^b^mntmrmd^»rhmn^jhm^ov9rmll^*j»ott^i^^Jm*mltlmd^ 


1  On  CINA  TINC  ACTIVITY  f Cotporutt  SulhotJ 

U.  S,  Army  Electronics  Command 

Fort  Monmouth,  New  Jersey 

141.  REPORT  SICUMITy  CLASSIFICATION 

Unclassified 

as.  ORC'JR 

3  RERORT  TITUC 

AN  ESTIMATE  OF  THE  ATMOSPHERIC  PROPAGATION 

CHARACTERISTICS  OF  1.S4  MICRON  LASER  ENERGY 

4  OKSCftiwriVK  NOTH  (Tm  of  tmpott  mnd  Inc  turn!  *•  dm  ft) 

*  *U  THORlfl  (frrmt  nmmm.  mlddlt  Ini  1 1*1.  Imtl  nmmtm) 

Dr.  Rufus  Bruce  Richard  B.  Gomez 

James  Mason 

Dr.  Kenneth  White 

«  REPORT  DATE 

March  1968 

7«.  TOTAL  HD  O F  RACE!  7b.  NO  OP  flCPS 

28  22 

$m  CONTRACT  OR  (RANT  NO 

b.  RROJCCT  HO. 

c.  DA  TASK  1T014501B53A-13 

d. 

to  ORlOlNATOR'l  REPORT  NUM1»KIRI*I 

ECOM-5185 

Oil*  rmpmri) 

|  10  Ol*Y*l*UTlON  ITATEMlNT 

|  Distribution  of  this  report  is  unlimited. 

11  lUPRufMINTARV  NOTES 

12  VPONIORINC  MILITARY  ACTIVITY 

U.  S.  Army  Electronics  Command 

Atmospheric  Sciences  Laboratory 

White  Sands  Missile  Range,  New  Mexico 

li  AilTRACT 


Potential  atmospheric  effects  on  the  propagation  of  electromagnetic  radiation 
at  1.54  micron  wavelength  are  examined.  The  results  of  transmission  measurements 
by  various  investigators,  as  reported  in  the  literature,  coupled  with  theoretical 
calculations  are  applied  to  estimate  the  transmission  characteristics  for  erbium 
ion  (Er***)  laser  radiation  in  this  region.  The  output  of  the  Er'**+  laser  ct 
1.54n  is  uiscussed  in  some  detail.  Predominant  attenuation  mechanisms  a. e  found 
to  be  aerosol  absorption  and  aerosol  scattering.  Contributions  from  five 
investigations  of  atmospheric  transmission  in  this  region  are  summarized. 

Nonlinear  effects  are  not  considered. 


DD 


:r..i473 


AIPLACII  OO  ROHM  I4TI  1  J  AN  *4.  WHICH  It 
OMOLITC  WOm  4MV  U«t. 


UNCLASSIFIED 

vWcwrtty  £iasaiftc«tio« 


r 


-  IMf.lASSIFJm-. 

lac^tty  g—aincattoi> 


14. 

LINK  A  ] 

link  m 

LINK  C  | 

cm 

t»T 

rrm 

•T 

EHQ 

NT 

1.  ElectroMgr.eticj . 

2.  Lasers. 

3.  Transaission  Measureaents. 

4.  Ataospheric  Propagation. 

_ 

UNCLASSIFIED 

iKWity  CS*MlllC«t)«l 


ss2a- 


l  * 


